Abstract-The article describes the IRCTR PARSAX radar system, the fully polarimetric FM-CW radar with dualorthogonal sounding signals, which has the possibility to measure all elements of the radar targets polarization scattering matrix simultaneously, in one sweep.
I. INTRODUCTION
It is widely known fact that using polarimetric information can seriously improve the radar performances for targets detection, identification and parameters estimation, for clutter and interferences suppression. Most of modern radar polarimetry algorithms are based on the measurements of the radar target polarization scattering matrix (PSM), which includes four elements with different amplitudes and phases. The necessity to measure all four elements requires a multichannel structure for the radar receiver and transmitter. But even then in most (existing) polarimetric radars the simultaneous measurement of all polarization scattering matrix elements at the same frequency band is not implemented yet.
The vector nature of electromagnetic fields and their scattering mechanisms requires in polarimetric radars the use of sounding signals with dual-orthogonality, i.e. the orthogonally-polarized components of such signals have waveforms that are orthogonal in terms of their inner product (cross-correlation) [1] . Well established technical solutions can be used for the transmitting and receiving of the signals' orthogonally-polarized components. The orthogonality of components' waveforms can be established using different approaches. First, time orthogonality in polarimetric radar means the consequent transmission of sounding signals with orthogonal polarization combined with pulse-to-pulse polarization switching. Second, frequency orthogonality means that the sounding signals occupy non-overlapping frequency bands. However, the polarization of the scattered signals can vary over time and the scattering properties of the same radar object may be different for different sounding frequencies. So both time and frequency orthogonalities can introduce temporal, frequency and phase ambiguities in the polarimetric results.
There is a known solution (see e.g. [1] , [2] ) of polarimetric radar design that completely remove these ambiguities, that is the use of signals with orthogonally-polarized components, which have waveforms that are orthogonal in terms of their inner product (cross-correlation). Such type of sounding signals provides the unique possibility to split all elements of scattering matrix and to measure all of them simultaneously during one pulse or single sweep time. One of the most promising examples of orthogonal waveforms for such signals is a pair of linearly-frequency modulated (LFM) signals with opposite frequency excursions, which occupy the same bandwidth and the same time interval.
The structure of the paper is the following. Section 2 gives a brief description of the high-resolution Doppler polarimetric radar PARSAX, which implements the concept of dualorthogonal signals for simultaneous measurement of all scattering matrix elements and is currently under development in IRCTR, TU Delft. Section 3 describes the problem with channels' isolation in polarimetric FM-CW radar with dualorthogonal signals. Section 4 presents the novel solution of the described in Section 3 problem. Finally, Section 5 includes conclusions.
II. THE PARSAX RADAR
The PARSAX radar ( Proceedings of the 6th European Radar Conference measurements of all elements of the polarization scattering matrix during one sounding sweep. The analog-to-digital conversion provides wider dynamic range, linearity, and freedom to use any pairs of orthogonal waveforms with different duration and bandwidth up to 50 MHz. The IF sampling is done at 400 MHz with 14-bit resolution; the embedded fast FPGA-based digital processing board with large memory buffer gives the possibility to implement complicated real-time algorithms for signal and data processing, which leads to improved sensitivity and at the same time more stability against the influence of noise, clutter and external interferences. In the main operational mode the radar will be used for atmospheric remote sensing polarimetric studies of groundbased targets. In such mode it will use a pair of synchronous LFM continuous signals with opposite frequency excursions of 50 MHz and duration (sweep time) of 1 ms. The standard de-ramping processing technique (Fig. 2) will provide range profiles of the PSM complex elements up to 15 km with a resolution around 3 m for further Doppler processing.
III. THE ISOLATION PROBLEM
We here analyse the dual-orthogonal sounding signals, which has orthogonally-polarized components with up-going and down-going slopes of synchronous LFM. A simplified scheme of a de-ramping filter for processing of scattered signals is shown in Fig. 2 . In order to obtain the estimations of all scattering matrix elements each polarization component of the received signal in two separated branches of each receiver channel is mixed with replica of the sounding signal components and, as result, is reduced in slope, i.e. the signals are de-ramped [3] . The signals after demodulation and lowpass filtering (LPF) are called beat signals; they exist at the key-points A, B, C, D of the de-ramped filter (Fig. 2) . Further applying a Fourier transform (that is the Fast Fourier Transform -FFT) onto the beat signals, measured during one sweep period, converts the beat signals into resulting range profiles of all scattering matrix elements. The processing algorithm is summarized by , which corresponds to the maximum range and is defined in the radar design stage, The problem is that LFM signals with opposite slopes are not completely orthogonal. Their interactions in every channel of the radar receiver produce interfering signals, which have non-zero power and define limited cross-channel isolation (in terms of signal to interference ratio). This isolation problem has been originally studied in [2] and applied to the PARSAX system in [1] . As soon as this effect can strongly influence the performances of the polarimetric radar, we will analyse it in details.
For such study of processes in the polarimetric radar receiver a computer simulation approach has been used. The simulated radar scene included 6 point targets with PSM For analysis, the de-ramped signals at points A-D in the receiver block-diagram have been represented in the plane "beat frequency -observation time" using a moving Short Time Fourier Transform (Fig. 3) . The horizontal lines represent useful beat tones from every target and the interfering V-shaped frequency-modulated signals in the centre of the plane are defined by the interactions of LFM components with different slopes. The clear localization in time and the detailed structure of the interfering cross-LFM signals are visible only using the short-time FFT. In case of full scale FFT, which is used for the standard de-ramping processing, these interfering signals are spread within the full analysed beat frequency band. This introduces a flat raised noise-like floor with amplitudes, which determine can limit the channel isolation significantly [2] . This effect, which can be seen in Fig. 5 , seriously decreased the detectability of targets, especially in cross-polarised channels of the polarimetric receiver. The provided two-dimensional representation of the signals in the polarimetric receiver channels gives a much more detailed picture of the signals and can be used for further analysis and improvement of the radar performances.
IV. THE SOLUTION FOR THE ISOLATION PROBLEM IN
PARSAX The proposed technique for increasing the isolation between the polarimetric channels of the radar with dualorthogonal signal is based on the fact that interfering cross LFM signals occupy only a part of the observation time interval (Fig. 3) The proposed technique includes zeroing of the beat signals during the period of presence of the interfering signal. To prevent the rising of spectral side-lobes of useful (tone) beat signals the applied cut-off has to include a window weighting (Fig. 4) [4] . This is quite simple in a technical realisation, as soon as time position and duration of the interfering signal are fixed for the given radar design, and it can be implemented in the real time processing chain. Fig. 5 represents the measured range profiles for the simulated radar scene using the standard processing technique. In Fig. 6 the same scene is presented using the proposed technique including suppression of the interfering crosschannel signals. The comparison of these pictures clearly shows that the application of the proposed technique completely removes the presence of interfering signals and produces a full isolation of polarimetric channels. Possible range resolution degradation due to the cut-off filtering should be considered together with the degradation due to the window weighting applied in FM-CW radar for side-lobes suppression. This topic is currently under investigation. As well it is necessary to mention some degrading in energy of useful signals. In case of PARSAX, the loss of energy is limited and equals to 1.6 dB. So the advantage of cross correlation suppression outweighs the disadvantage of energy loss.
V. CONCLUSIONS
The numerical results presented here have shown an effective solution for the isolation problem in the polarimetric FM-CW radar -PARSAX. Extended results, including real experimental data from the PARSAX radar, will be presented during the presentation at the conference. elements of radar target's polarization scattering matrix. This project is performed under a contract with the Dutch Technology Foundation STW.
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